Background: Intraductal papillary mucinous neoplasms (IPMNs) are associated with a high incidence of extrapancreatic neoplasms.
(33%) and colorectal adenocarcinoma (17%) were the most common neoplasms in the 24 patients. During postoperative follow-up, 3 patients died of malignant IPMNs, 3 of associated malignancies, and 1 of a nonmalignancyrelated cause. Comparisons of the clinicopathological features in patients with IPMNs with and without associated malignancies revealed no significant differences in age, sex, family history of malignancy, history of cigarette smoking or alcohol abuse, or type of IPMN. The incidence of extrapancreatic neoplasms in patients with IPMN was significantly higher than in those with other pancreatic diseases such as mucinous cystic neoplasm (8%) or pancreatic ductal adenocarcinoma (10%).
Conclusions:
Frequently, IPMNs are associated with the development of extrapancreatic neoplasms. Considerable attention should be paid to the possible occurrence of other associated malignancies in patients with IPMNs, either concurrently or postoperatively. Further molecular studies may be necessary to elucidate the unusual association between IPMN and other primary neoplasms.
Arch Surg. 2006; 141:51-56 I NTRADUCTAL PAPILLARY MUCInous neoplasm (IPMN) is now a well-recognized entity in the pancreas and is being reported with increasing frequency. 1, 2 The tumor covers a broad histological spectrum, which ranges from adenoma to invasive carcinoma, and shows a variety of biological behaviors. 3 Moreover, IPMNs are believed to progress slowly showing a spectrum of neoplastic transformations and are characterized by a more favorable prognosis than pancreatic ductal adenocarcinomas (PDACs), even in malignant cases. [1] [2] [3] [4] [5] [6] Another important feature of IPMN is that the tumor is associated with a high frequency of extrapancreatic neoplasms. 2, 7 Because of a favorable prognosis in patients with IPMN, these second primary neoplasms, especially malignant tumors, could be more important than IPMN in determining prognosis. These second primary neoplasms also offer an important insight into the cause of IPMNs and their associated malignancies, which may have a common carcinogenic process. In the present study, we evaluated the incidence of extrapancreatic neoplasms in patients with IPMN and analyzed clinicopathological features in these patients. The results obtained were compared with those for mucinous cystic neoplasm (MCN) and PDAC.
formation: patient characteristics, perioperative clinical and laboratory data, operative management, pathology examination results, and postoperative course. History of a previous extrapancreatic neoplasm or the concurrent development of an extrapancreatic neoplasm was investigated thoroughly. Overall survival and follow-up information, including the postoperative development of neoplasms in other organs, was obtained by contacting the Cancer Registration and Biostatics Branch of the National Cancer Center Research Institute, Goyang-si, Gyeonggi-do, Korea, by direct patient contact, and by reviewing outpatient medical records. Perioperative mortality was defined as in-hospital death or death within 30 days after surgery, and a positive family history was defined as a history of malignancy among first-degree relatives. Mean follow-up was 28.8 months and mean patient age was 62.4 years ( Table 1) . Sixty of the 61 IPMNs were classified as main duct (18 [30%] ), branch duct (37 [61%]), or combined (5 [8%]). Of the 61 patients, 10 (16%) had adenomas, 34 (56%) had borderline adenomas, 6 (10%) had carcinoma in situ, and 11 (18%) had invasive carcinoma. No postoperative death occurred.
The incidence and clinicopathological features of extrapancreatic neoplasms in 38 patients with MCNs who underwent surgical resection at our institution between January 1, 1993, and June 30, 2004, and in 50 patients with PDAC who underwent surgical resection at our institution between January 1, 2000, and December 31, 2002, also were analyzed and compared with those of the patients with IPMN. One postoperative death occurred among the patients with MCN, for an overall perioperative mortality of 3%. Of the 38 MCNs, 21 (55%) were benign adenomas; 12 (32%), borderline; 3 (8%), noninvasive carcinoma; and 2 (5%), invasive carcinoma. No postoperative death occurred among the 50 patients with PDAC. Data were compared by using the 2 and t tests. Cumulative survival data were calculated with the Kaplan-Meier method, and significance was accepted at the 5% level.
RESULTS
Of the 61 patients with IPMN, 24 (39%) developed 26 extrapancreatic neoplasms, and 18 (30%) had other extrapancreatic malignancies ( Table 2 ). The stomach, colorectum, and thyroid gland were the organs most frequently involved in IPMN-associated neoplasms, which developed in 9, 6, and 3 patients, respectively. The most frequently associated extrapancreatic neoplasms were gastric adenocarcinoma in 8 patients (33%) and colorectal adenocarcinoma in 4 (17%). Of 26 extrapancreatic neoplasms, 8 were diagnosed 3.7 to 91.0 months (mean, 29.4) before the IPMN operation, 15 concurrently, and 3 at 9.5 to 44.2 months (mean, 23.3) postoperatively.
All associated neoplasms were proved pathologically and treated surgically or by means of colonoscopic removal, except a case of low-grade B-cell lymphoma and a case of thyroid adenoma, which were diagnosed at lymph node biopsy and fine-needle aspiration, respectively, and managed medically. In IPMN cases with concurrently associated extrapancreatic neoplasms, thyroid cancer and colon tubular adenoma were detected at physical examination and at an additional preoperative, but not routine, colonoscopic examination. In other cases, most IPMNs were detected secondarily at computed tomography during preoperative evaluation of concurrent gastrointestinal tumors.
During postoperative follow-up, 3 patients died of malignant IPMNs and 3 of associated malignancies (ie, colon cancer, common bile duct cancer, and lymphoma). Another patient died of a nonmalignancy-related cause. The 5-year disease-specific survival rates were 93.4% for all tumors, 100.0% for all noninvasive tumors (including adenoma, borderline, and carcinoma in situ lesions), and 68.2% for invasive cancers.
A comparison of clinicopathological features in patients with IPMN with and without associated extrapancreatic neoplasms revealed no significant differences in mean age, sex ratio, mean follow-up, family history of malignancy, family history of gastrointestinal malignancy, history of cigarette smoking or alcohol abuse, and type of IPMNs (Table 3) . However, borderline lesions and distally located IPMNs were found more frequently in patients with extrapancreatic neoplasms. When patients were grouped according to the presence of associated extrapancreatic malignancies, no significant difference was observed in any characteristic except mean follow-up, which was significantly shorter in those with associated malignancies (Table 4) . Of the 11 invasive IPMNs, 2 cases were included in the malignancy-associated group and 9 in the nonassociated group. Three patients died of extrapancreatic malignancies in the malignancy-associated group and 3 of malignant IPMNs in the nonassociated group. No statistical difference in survival rates was found between patients with IPMN with and without extrapancreatic malignancies ( Figure) .
The incidence of extrapancreatic neoplasms in patients with IPMN (39%) was significantly greater than in patients with MCN (8%) and PDAC (10%) ( Table 5) . Mean follow-up in patients with MCN was 40.2 months, which was not significantly different from that in patients *One is B-cell lymphoma and the other is B-cell lymphoma of the mucosa-associated lymphoid tissue type in the terminal ileum. †Two patients had more than 1 extrapancreatic neoplasm: 1 had stomach cancer and colon tubular adenoma, and the other had colon cancer and thyroid adenoma. which also was resected surgically. The other 2 patients had concurrently associated ovarian serous cystadenocarcinoma and gastrointestinal stromal tumor of the small bowel 15 months postoperatively, and both tumors were treated surgically. No significant difference in family history of malignancy was observed between patients with IPMN and those with MCN; however, mean age, sex ratio, and history of cigarette smoking or alcohol abuse were significantly different between these groups.
Mean postoperative follow-up in patients with PDAC was 17.1 months, which was significantly shorter than that in patients with IPMN; the all-disease specific survival rate 40 months postoperatively was 18.7% for patients with PDAC. Of the 50 patients with PDAC, 5 (10.0%) developed 5 extrapancreatic neoplasms: 2 stomach cancers, lung cancer, cervix cancer, and larynx cancer. All these malignancies were diagnosed and treated 13.8to153.0 months (mean, 69.6) preoperatively. No significant differences were observed between patients with PDAC and those with IPMN in terms of mean age, sex ratio, family history of malignancy, or history of smoking or alcohol abuse.
COMMENT
In recent years, IPMNs have been receiving more attention because of their favorable prognosis and pathogenesis, and because of their relationships with PDAC and its variants. 8, 9 The IPMN is believed to be an important precursor of invasive carcinoma of the pancreas and may progress through a hyperplasia-adenoma-carcinoma sequence. [10] [11] [12] However, the slowly progressing features and genetic changes involved in this progression are distinct from those of conventional ductal adenocarcinoma.
Another unique characteristic of IPMNs is their frequent association with other primary neoplasms. Sugiyama and Atomi 7 reported a high incidence of nonpancreatic neoplasms (48%) and malignancies (36%) in 42 patients with IPMNs. Colorectal cancer (33.3%) and gastric cancer (26.7%) accounted for most of the associated malignancies in their study. Similarly, the incidence of IPMN-associated extrapancreatic neoplasms was 39% and that of malignancies was 30% among the 61 patients in our study. The actual incidence of associated benign tumors, such as thyroid adenoma and colon adenoma, could have been higher because these tumors were not evaluated comprehensively in patients with IPMN. Stomach cancer (8 [44%] of 18) and colorectal cancer (4 [22%] of 18) were most frequent in malignancyassociated cases, which may be related to the fact that in South Korea stomach cancer is the most frequent malignancy, and it is also the most commonly associated cancer in patients with multiple primary cancers.
According to the definition of Warren and Gates, 13 multiple primary malignancies should meet the following criteria: each tumor must present a definite picture of malignancy, each must be distinct, and the possibility of metastases from each tumor must be excluded. In this regard, we excluded PDAC in evaluating IPMN-associated neoplasms and focused on the development of extrapancreatic neoplasms, even though the original concept of multiple primary malignancies cannot be applied exactly because nonmalignant IPMN cases were included. One patient with IPMN developed both PDAC and another extrapancreatic malignancy in the present study.
The increased occurrence of second primary cancers after an initial primary could be the result of intensive medical surveillance after the first diagnosis; exposure to cytotoxic agents because of chemotherapy or radiotherapy for the initial cancer; or environmental, hereditary, and immunological factors shared between the first and the second cancers. 14 Accordingly, the high incidence of other primary tumors in patients with IPMN may be attributable to full staging evaluations for previous or concurrently associated malignancies. However, when IPMNs were compared with potentially or overtly malignant pancreatic diseases (ie, MCNs or PDACs), the incidences of associated previous and concurrent extrapancreatic malignancies in patients with IPMN were significantly higher. Thus, it seems that IPMNs differ somewhat from these tumors and that they are associated more frequently with other extrapancreatic malignancies.
After surgery, only 3 patients with IPMN, 2 with MCN, and none with PDAC developed additional neoplasms. The postoperative incidence of associated neoplasms with IPMN seemed to be not much higher than that in other groups. Even in patients with PDAC, the frequency of postoperative developments of other neoplasms may have been underestimated because postoperative follow-up was reduced due to a poor surgical outcome. However, postoperative-associated malignancies were identified only in patients with IPMN in this study, and there is a possibility that in some cases, IPMN was a precedent that happened to be found concurrently with another malignancy. In this context, it may be necessary to pay closer attention during follow-up to the possible development of associated neoplasms in patients known to have IPMN, although evaluations of more cases and longer followups are needed to reach a definite conclusion.
In the present study, chemotherapy was performed for malignant IPMNs in 4 patients, and associated malignancies were resected at the same time as the IPMNs in 4 other patients. Radiotherapy was used for IPMN in 4 patients and for concurrent malignancies in 2 patients. However, no other primary neoplasm occurred postoperatively in patients who received chemotherapy or radiotherapy in either group.
Generally, the development of multiple primary malignancies can be explained by the inheritance of a predisposing genomic defect or field carcinogenesis, which means that organ systems that have developed a neoplasm are likely to develop multiple and independent neoplasms because all cells have been exposed to carcinogens to similar extents. 15 The aging process is another cancer risk factor to consider because the longer a person lives, as long as the cancer risk is constant, the more likely it is that neoplasms will develop over time.
However, in the present study, no significant differences were found between the malignancy-associated group and the nonassociated group with respect to cancer risk factors, such as family history of malignancy, age, and history of cigarette smoking or alcohol abuse. Histologic classification and type and location of IPMN were also no different between groups. A comparison of patients with IPMN and those with MCN revealed that the general characteristics of the 2 groups were significantly different in age and sex, which was accompanied by a different history of cigarette smoking or alcohol abuse perhaps because of sociocultural dissimilarity between men and women. Thus, it may not be appropriate simply to compare the incidences of associated malignancies in these groups, even if the diseases have similar features. However, no differences were found between patients with IPMN and those with PDAC in terms of these factors, although the incidence of previous and concurrent extrapancreatic neoplasms was significantly higher in patients with IPMN.
Genetic or epigenetic changes associated with the progression of IPMNs may play a role in the development of other primary neoplasms, especially of gastrointestinal tract cancers. The carcinogenesis of IPMNs and colorectal adenomatous polyps are thought to be similar in that they follow a pattern of progression from adenoma to dysplasia and eventually to invasive cancer. In addition, they share common genetic alterations including K-ras mutations. 11, 16 Although the pathogenetic mechanisms involved in the progression of IPMNs have not been established entirely, genetic alterations such as point mutations in the K-ras oncogene, 17, 18 the overexpression of the HER-2/neu (c-erbB-2) gene, [19] [20] [21] and the inactivation of the STK11/ LKB1 gene 22 (a tumor-suppressor gene responsible for Peutz-Jeghers syndrome) have been reported.
It is likely that extrapancreatic malignancies in patients with IPMN have potential prognostic importance, even though we could not come to a definite conclusion because of limited case numbers and short follow-up. Although the survival rates were no different in the malignancy-associated group and the nonassociated group, the late portion of the survival curve of the malignancy-associated group was affected by extrapancreatic malignancies, which means that extrapancreatic malignancy, rather than malignant but docile IPMN itself, can determine long-term patient survival.
Results of the present study concur with those of earlier studies that found that IPMNs are associated with a Invited Critique I n recent years, there have been an increasing number of studies evaluating outcome in patients with IPMN. As noted by the authors, some of these studies have suggested an increased risk of extrapancreatic neoplasms in patients with IPMN. The potential bias in reporting these findings, however, is that patients previously diagnosed with other malignancies are subject to closer surveillance, including a higher number of physician visits and imaging tests, which may increase the likelihood that they are subsequently diagnosed as having IPMN. In addition, because we now understand the significant chance for recurrence of IPMN in the pancreas (up to 23% at 32 months' median follow-up in a recent series by D'Angelica et al 1 at Memorial Sloan-Kettering), postoperative patients with a new diagnosis of IPMN are closely followed up postoperatively with imaging tests, which may increase the likelihood of discovering other extrapancreatic malignancies. Because of this, it is difficult to sort out the meaning behind what might appear to be a high risk of extrapancreatic neoplasms in patients with IPMN.
Although the authors attempt to reduce this bias by comparing IPMN patients with patients with MCN or PDAC, new biases arise in that comparison. This includes the shorter follow-up period in patients with PDAC due to their poor overall survival, and the markedly younger age for MCN patients compared with IPMN patients in the authors' series. In addition, there is no standard algorithm for follow-up for any of these patients, including the interval and type of imaging tests obtained. Thus, it is difficult to directly compare these patients.
That being said, it is certainly worth further investigating the potential that some undefined environmental influence or genetic change may influence the development of both IPMN and other neoplasms. The authors' data reveals a markedly elevated rate (nearly 40%) of extrapancreatic neoplasms developing in patients with IPMN. Because we do not understand the inciting events leading to IPMN, these findings warrant further scientific investigation, including evaluation of the molecular changes associated with IPMN, with the caveat that inherent biases will make retrospective comparisons difficult to interpret.
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